detected in 93%O of PBL of normal donors and 83% of patients, and among the latter showed no evidence of significant decline with advancing disease. However, LNC and TIL anti-K562 activity was infrequent (17%) in concordance with previous reports.
There was no correlation between the ability of patients' PBL to lyse autologous tumour and K562 cells. The independence of these 2 cytotoxic actions was further explored in studies fractionating lymphocytes: autologous tumour killing was augmented in T-enriched PBL; whereas the greatest anti-K562 activity was found in the corresponding non-T fraction. Lymphocyte cytotoxicity in colonic neoplasia is thus manifest in 2 apparently independent lymphocyte populations; a relatively specific killer T-cell population, detectable in PBL, LNC and TIL, which is preferentially reactive with the autologous cells; and a non-specific killer population, largely limited to PBL, with the properties of NK cells. The activity of neither population reflects the clinical status of patients with this disease.
In vitro destruction of human tumour cells by effector cells, detectable in shortterm cytotoxicity assays, represents a balance of the cytolytic potential of various effector cells, their subsets and antibodies with the affinity of targetrecognition sites and other factors contributing to innate target-cell sensitivity. Several distinct types of lymphoid effector: tumour cell interactions are now well recognized; antibody-dependent cellular cytotoxicity (ADCC), T-mediated lysis and natural killing (NK) (Perlmann & Cerrotini, 1979) . Of these, antibodyindependent lysis by cytotoxic T cells and NK cells have been implicated in the immunosurveillance of tumours.
The relative contribution of these effector functions to human tumour destruction has not always been clear. Early studies with cultured human targets in long-term cytotoxicity assays claimed that tumour-cell lysis was mediated by sensitized lymphocytes in the lymphoid organs only of donors bearing neoplasms of similar histogenic derivation to the target cells (Baldwin et al., 1973; Hellstrom et al., 1970; 1971; Leibold & Peter, 1978 (Takasugi et al., 1973) . In this situation, cytotoxicity in both patients and controls is mediated by NK cells, to which most cultureadapted targets are susceptible. In this respect, cultured cells differ markedly from their in vivo counterparts which, when tested as freshly disaggregated single-cell suspensions, display minimal sensitivity to natural killing (Vose & Moore, 1980) .
The respective roles of cytotoxic T cells and NK cells in human tumour destruction in vitro is beginning to emerge, to the extent that assays may now be designed to discriminate in favour of each effector function. T-mediated activity is characterized by exquisite specificity, classical immunologic memory, restriction by antigens of the major histocompatibility complex, and is readily detectable against autologous fresh human tumour cells, at least in some cancers (Perlmann & Cerottini, 1979) . By contrast, NK activity is unrelated to the previous immunization history of the donor, displays no restriction, and is manifest against a wide range of cell lines, irrespective of histogenic derivation (Herberman & Holden, 1978) .
Important distinctions between these effector functions are also evident from comparison of different lymphoid organs and tumour-infiltrating lymphocytes (TIL). T-cell and NK functions coexist in peripheral blood, but the latter is virtually absent from lymph nodes, and the expression of both is depressed in lymphocytes recovered from the tumour mass (Vose & Moore, 1979; Vose et al., 1977) .
In the present study, the cytotoxicity of lymphocytes from patients with colon carcinoma has been evaluated using freshly isolated autologous tumour targets in short-term 5 lCr-release assays, in an attempt to dissociate specific diseaserelated cellular cytotoxicity from coexistent natural killing. The possibility that concentration of specifically sensitized cells to the antigenic site might render PBL non-reactive (Emeson, 1978) Patients.-Material was collected from patients presenting with resectable colon carcinoma. Forty ml of venous blood was collected in heparinized tubes immediately before anaesthetic premedication. After resection, a full-thickness segment of tumour was removed together with several draining lymph nodes in the colonic mesentery. The nodes were separated into 2 groups: those close (1-2 cm) to the tumour, and those at the base of the mesentery and at least 6 cm from the tumour. All specimens were examined histologically and staged according to Duke's classification. PBL were also prepared from samples from 12 known healthy laboratory personnel (age 23-37) and 6 lung-cancer patients.
Tumour dispersion.-The tumour specimen was freed of surrounding fatty tissue, finely chopped with scalpels and washed x 3 in Hanks' BSS to remove cell debris and mucin. Tumour dispersion was achieved by continual stirring for 3 h at room temperature in an enzyme mixture containing collagenase (0 1 % u/ml), hyaluronidase (0.01% u/ml) and DNAase (0-1% Kunitz u/ml). Previous studies have established that this mixture gives optimal dispersion of tumour material after short incubation (Vose, 1981) 
Tumour-infiltrating lymphocytes (TIL).
Cells at the lower interface were washed once in RPMI and resuspended in 1 ml TCM. This suspension was run into columns of nylon fibre (0.6 g scrubbed nylon-Fenwal Laboratories, Illinois-in 5ml syringes with a 19G needle attached). Columns were incubated at 37°C for 30 min, and non-adherent cells eluted with 10 ml TCM at a flow rate of 1 ml/ min. Tumour cells remained attached to the column, with T-enriched TIL populations in the eluted suspension. Simultaneous analysis of TIL composition and cytotoxic function was rarely possible; TIL comprised 65-80% cells rosetting with SRBC. Blood lymphocytes.-Blood was layered on to Lymphocyte Separation Medium and centrifuged (1400 g 15 min at 4°C). Cells collecting at the interface were then washed x 3 in HBSS and resuspended in TCM or autologous plasma. Adherent monocytes were depleted by overnight incubation in Corning 75cm2 plastic culture flasks at 37°C in an atmosphere of 5% CO2 in air.
Lymph-node cells (LNC).-Lymph-node tissue was minced with scissors on a 200-mesh stainless-steel grid and pressed through the grid into RPMI 1640. Cell suspensions were washed twice, and lymphocytes were separated as for blood. The compositions of both populations were similar, with 57-68% cells rosetting with SRBC. Populations were enriched for T cells by passage through nylon columns (Julius et al., 1973) (Andersson et al., 1979) , was maintained in suspension culture in TCM. This cell line was used to monitor levels of NK activity in lymphocyte effector populations, because of its extreme sensitivity to lysis by this mechanism.
Cytotoxic assays.-Target cells (106 in 0 5 ml TCM) were labelled by the dropwise addition of 100 ,Ci sodium 51Cr-chromate (Radiochemical Centre, Amersham). Cells were incubated for 1-2 h at 37°C, washed twice in RPMI and incubated for a further hour in TCM to reduce spontaneous 51Cr release before further washing. Targets (0-1 ml of 5 x 104/ml in TCM) were dispersed into Luckham LP3 tubes together with effectors in 0 1 ml TCM to give effector: target ratios between 50:1 and 10:1. Fluid volume was adjusted to 0 4 ml. Tubes were centrifuged (80 g 5 min) and incubated at 37°C for 4h before the removal of 0-2 ml of the supernate. The radioactivity in these samples and in the remaining pellets and supernates was measured in a gamma counter. Spontaneous release of 5'Cr was measured in tubes containing target cells lysed with the detergent Triton X100 (Sigma Chemical Co. Preliminary attempts to characterize the cytotoxic effectors were made by enrichment of T lymphocytes by passage through nylon columns (Julius et al., 1973) or separation of cells forming rosettes with sheep red blood cells (SRBC) (Jondall et al., 1972) . Both methods enriched T cells from 60% in unseparated samples to > 85%. In almost all cases greater cytotoxicity for autologous colontumour cells was found in T-enriched populations (Fig. 1 ) and in 7 cases significant reactivity was induced in Tenriched preparations from previously unreactive samples. In view of these data, samples were separated by passage through nylon columns and SRBC rosetting whenever sufficient material was available, and it is the enhanced values for cytotoxicity in T-enriched populations that are shown in Table I cases only one node was reactive; other nodes from the same patient failed to significantly damage K562. Nodes positive against K562 showed no greater reactivity against autologous tumour than negative groups. Subpopulation analysis was performed on 7 of these positive LNC. In all 5 tested, greatest cytotoxic potential resided in the SRBC-rosetting preparation. Two further samples separated on nylon columns showed enrichment for cytotoxicity in the adherent cells. TIL were cytotoxic in 2/12 cases (both Stage C), which were not related to levels of cytotoxicity in blood or lymph node. Since effectors from blood were frequently reactive against both autologous tumour and K562, comparison was made to determine whether levels of killing were related (Fig. 5 ). Data were available for 36 PBL samples, but no significant correlation between killing of the two parameters was found (correlation coefficient = 0.10, P>0-1). PBL from the 4 healthy donors showing reactivity against coloncarcinoma cells did not have unusually high levels of NK activity as measured by lysis of K562. Additional evidence for the independence of the two cytotoxic phenomena was available from effector-cell separation studies similar to those described above. Passage of cells through nylon columns had little effect on cytotoxicity in patients showing significant augmentation of cytotoxicity against autologous cells. In a further series, highest killing of K562 was in populations from PBL which did not rosette with SRBC.
DISCUSSION
In this paper we have delineated two major lymphocyte effector populations with activity against colonic-tumour cells: a relatively specific killer population, detectable in blood, lymph node and within the tumour itself, which is preferentially reactive with autologous cells; and a non-specific killer (NK) population, largely limited to blood, displaying high reactivity against the K562 cell line. The two effector types appear to be concentrated in lymphocyte populations with different cell-surface-marker characteristics, and to mediate mutually independent lytic interactions with appropriate sensitive targets.
The pursuit of specific disease-related cytotoxicity against colon carcinoma has received considerable attention, since first reports of selective killing of allogeneic colon-carcinoma cell lines by lymphocytes from colon-carcinoma patients (Baldwin et at., 1973; Hellstrom et al., 1970 Hellstrom et al., , 1971 Nairn et al., 1971) . With increasing awareness of the pervasive nature of spontaneously cytotoxic NK cells, particularly in long-term microcytotoxicity assays, the validity of early claims has been questioned (Takasugi et at., 1973) . Our own studies in this neoplasm are representative of those of many laboratories, where extensive testing against short-term cultures, using a variety of normal and pathological controls, failed to identify patterns of cytotoxicity which were unique to the colon-cancer group (Vose et at., 1975) . In comparing the present study with earlier investigations, several potentially important differences are apparent, not least of which is the nature of the target cells. Those used here were derived by the sequential application of separative techniques, exploiting differences in size, density and adherence properties of tumour components. By these means, cell selection, which is invariably associated with adaptation to tissue culture, and the concomitant induction of sensitivity to NK-mediated lysis (Becker et al., 1978) were obviated. Extensive testing of similar freshly derived tumourcell suspensions has shown that they are largely refractory to NK-mediated lysis and minimally express the relevant recognitive structure (Vose & Moore, 1980) . As such they share with the short-term cultures of Nairn and associates (Nairn et al., 1971; Pihl et al., 1976 ) the property of permitting the measurement of specific effector function (Werkmeister et al., 1979 (Hutchinson et al., 1981) . 58 In situ there is evidence that these cells have suppressor activity, and are less responsive to mitogens than PBL (Vose & Moore, 1979) . With regard to the lack of NK in LNC and TIL, unpublished observations have shown that these populations lack the large granular lymphocytes which mediate natural killing (Timonen et al., 1981) .
NK cells show spontaneous cytotoxicity against a broad range of target cells, including autologous lymphoblastoid cell lines (Herberman & Holden, 1978; Leibold & Peter, 1978) . In the present study the activity of all populations against the K562 cell line was monitored as a measure of their NK effector capacity. No correlation was apparent between levels of NK and cytotoxic T cells reactive with autologous targets. This was not unexpected in view of the refractory nature of the freshly isolated targets to NK and the largely NK-status of LNC and TIL, observations which in our view question the relevance of this effector function in control of established neoplasia.
Most PBL showed variable but significant activity against the cell line. In contrast with the results of others (Pross & Baines, 1976) no decrease in lytic potential was disclosed with advancing disease, even in patients with widespread metastases. Cytotoxicity was recorded in only a minority of LNC. Whilst no relationship was found between the presence of lymph-nodal NK and clinico-pathological stage, it is of interest that nodal NK showed different isolation characteristics from those found in the blood, being SRBC rosetting and nylon-column adherent. These data are similar to those described for NK effectors in axillary nodes from breast cancer (Eremin et al., 1978) .
The detection of reactivity against autologous tumour in LNC which are NKsupports the independent nature of the specific killer population, and offers a means by which disease-related reactivities may be investigated, without recourse to the tedious tumour-cell separation used here or extensive depletion of NK effectors from PBL samples (Bakacs et al., 1978) .
Lymphocytes from 3 healthy donors and one lung-carcinoma patient showed cytotoxicity for colon-carcinoma cells. The nature of this allogeneic interaction is unclear, though again the finding of autologous reactivity in this patient in NKnodes suggests a target-cell susceptibility to lysis unrelated to NK. The possibility that such unrestrained killer activity may result from polyclonal stimulation of cytotoxic effector function (Bonnard et al., 1978) similar to that when lymphocytes are grown in conditioned media containing T-cell growth factor (Interleukin 2) is currently under investigation. Lymphocytes from blood, lymph node and tumour can be cultured in TCGF medium and most frequently show high cytotoxicity for autologous and allogeneic targets, but not K562 (Vose & Moore, 1981) . In this extensive series we have failed to detect any correlation of specific and nonspecific lysis of colonic tumour cells with the clinical course of the disease, in so far as anti-tumour reactivity was present in all clinico-pathological groups. The role of NK and cytotoxic T cells in control or progression of malignant disease therefore remains obscure. The data call for clonal expansion of the cytotoxic T-cell population expressing preferential reactivity with autologous tumour cells. The availability of such cellular reagents would permit a more exhaustive analysis of tumour specificity, and should help to determine their biological role. 
